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(ORR Project 47-51) - T T
. SECURITY INFORMATION

THE ELECTRONIC COMPONENTS INDUSTRY
IN THE SOVIET BLOC*

Summary

This report, in general, has been directed toward an analysis of
production in the Soviet Bloc of fixed capacitors and fixed electronic
resistors, which are the primary components industries needed to support
an electronics program. Although shortages of a few specific components
have appeared in some sectors of the Bloc economy, the present output is
quite adequate to meet current requirements. These electronic components
appear to be more freely available within the Bloc than are electron
tubes. The production pattern indicates & heavy consumption for military
electronics spplications.

. Manufacturing techniques employed in the electronic components indus-
try in the Soviet Bloc vary somevhat from those in the US. An increasing
proportion of the fixed capacitor production is of the metallized paper
construction developed in Germahy by the Robert Bosch Company, and the
predominant part of the Soviet paper capacitor output is of an indigenous
Soviet hermetically sealed construction. Nearly all the fixed resistors
are of the deposited film construction developed before World War II by
another German firm, Siemens-Halske AG. Although a result of these dif-
ferences in technology 1s to raise labor cost and unit prices in the Bloc
industry, components so constructed are more suited to rigorous milltary
applications than are most -of those produced in the US.

The estimated Soviet Bloc output in 1951 of the electronic components
considered in this report is valued at $48.2 million -- $32.3 million for
fixed electronic capacitors, $1L.1 million for fixed electronic resistors,
and $1.8 million for alternating-~current power capacitors. Of the total
Bloc production of these components in 1951, the USSR supplied about T0
percent. There are strong indications that a significant increase in out-
put may be anticipated. Within 2 years the Bloc capabilities for producing
these products are expected to reach $95 million per year.

¥ This reporf contains information available to CIA as of 1 February 1952.
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There is no evident shortage in the Soviet Bloc of technical and
factory personnel or of basic plant machinery within the electronic
components industry. The weak point of the industry. at present is
the dependence of the Bloc industry on the West for high-quality thin
capacitor paper. This dependence is likely to continue for scme time.
A complete and effective embargo against the shipment of this item to
the Bloc would reduce Bloc capabilities by 50 percent, with a cor-
responding effect on Soviet military electronics programs.

Several conclusions are indicated by this report: (1) an earlier
estimate of Soviet tube production ;/* is supported, with the strong
probability that actual 1951 output may be higher rather than lower
than this earlier estimate; (2) the total Soviet electronics program
in 1951 was at least equal to the estimated $300 million and may have
been greater; (3) the Soviet electronics program is predominantly
military, and capabilities exist for gquantilty manufacture of components
required for radars, missile controls, and proximity fuses; and (4) out-
put of components will be increased significantly over the next 2-year
period.

I. Introduction.

The electronic components industry and the electron tube industry -
together form the major segment of the electronics industry in the Soviet
Bloc. The electronic components industry produces a variety of products |
that are primarily designed for use in the manufacture of electronic
equipment. The data provided in Table 1%* are an indication of the rela-
tive value of output in the West of selected items, including electron
tubes, which are of significance to the electronics industry.

In an analysis of the electronle components industry of the Soviet
Bloc, two electronic components, fixed electronic capacitors and fixed
electronic resistors, have been selected for primary consideration.¥¥*

50X1

**% Table 1 follows on p. 3. \
¥%%¥ Other components of significance to the electronics industry include
magnetic components, such as transformers, chokes, and small rotating
machines; piezoelectric crystals; coaxial cable and wave guides; batteries;
switch gear and hardware; and indicating instruments. These components

are not dealt with in this report.

S-E-C-R-E-T
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Table 1

Illustrative Data on the Value of Selected Items Produced
by the Electronics Industry in the West in Percentages
of Total Value of End-Equipment Production a/

Us us NATO Estimgte
Ttem 194k b/ 1947 ¢/ 1952-53 4
Fixed Electronic and Power
Capacitors . k.3 L.7 9.0
Fixed and Variable Electronic
Resistors 1.7 : 2.0 7.0

Magnetic Components (Transformers,
Chokes, Fractional Horsepower

Rotating Devices) : 5.0 6.5 5.0
Miscellaneous Components (Radio-
. Frequency -Coils, Piezoelectric
Crystals, and Others) N.A. _ 15.0 e/ 7.0
Electron Tubes 2/ . 1%.0 12.0 17.0
] a. End-equipment production value is in terms of net f.o.b. sales prices.
b. $2,834k million end-equipment shipments.
c. $1,100 million end-equipment shipments.
d. Preliminary estimate for $500 million NATO electronics requirements.
e. Approximate figure.

These two components are used in certain ways in almost all circuits in
electronic equipment, are more readily identified than other components,
and are generally produced 1n discrete sectors of the electronics industry.
Capacitors and resistors represent, after tubes, the major economic effort
in the industry. Statistically, a more or less fixed consumption ratio
exists among capacitors, resistors, and tubes. Thus a knowledge of the
output of capacitors and resistors supplements an analysis of the output of
electron tubes in measuring any electronics program.
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A. Nature and Uses of the Principal Electronic Components
and Related Products.* 3/

1. Fixed Capacitors. -

Fixed capacitors, in general, are divided into two msjor groups:
electronic capacitors and power capacitors. Electronic capacitors are fur-
ther subdivided into four subgroups: paper dielectric capacitors, mica
capacitors, ceramic capacitors, and electrolytic capacitors. Only one type
of power capacitor will be considered, the oil-filled paper dielectric
capacitor.

a. Electronic Capacitors. .

(1) Paper Dielectric Capacitors.

The most common of the electronlic capacitors is the
paper dielectric capacitor employed in electronic and communications cir-
cuits. This type of capacitor is intended primarily for filter, by-pass,
and blocking purposes where the alternating component of the impressed
voltage is small with respect to the direct voltage rating. To make this
type of capacitor, high-purity kraft paper may be impregnated with minor
crystalline mineral oil, synthetic chlorinated oil, or plastics. Impreg-
nated paper dielectric capacitors are usually made up in a multiple-layer
metal foil and paper structure of rolled construction and are impregnated
after winding. They are then placed in nonmetallic cases or are hermet-
ically sealed in metallic cases. US Joint Army-Navy Specifications
JAN-C=-25 and JAN-C-91 provide a complete definition of the forms of
paper dielectric capacitors covered in this report. (Us Joint
Army-Navy Specifications are given in Appendix Al.) In the USSR this
category of paper dielectric capacitors includes the Soviet type KB¥*

*¥ Certain types of capacitors and resistors will be mentioned in the text,
tables, and appendixes but will not be given detailed treatment in the text.
These include induction heating capacitors (heavy industrial units), trimmer
capacitors (small variable units), electrolytic capacitors (relatively small
units employing wet or-dry chemical solutions to increase the dielectric ac-
tion of the dielectric and thus to achieve greater capacitance in less space),
plastic film capacitors (similar to mica capacitors but with a plastic film
for the dielectric material), filter and pulse-forming capacitors (large
paper dielectric capacitors), and wire-wound resistors (resistors employing
high-resistance wire for the resistive element).

*¥%* For the purposes of this entire report, letters designating Soviet types
of components have been transliterated from the Cyrillic alphabet.

—— . —— o —
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paper tubular capacitor, the type BIK noninductiﬁe paper tubular
. capacitor, and the metal-cased bathtub types BP, MK, and MKV. (A
catalogue of some Soviet electronic components is given in Appendix A2.)

& (2) Mica Capacitors.

Mica capacitors are useful in electronic circuits
because of their low alternating-current (AC) losses and their high
electrical stability over a wide temperature range. These characteris-
tics of mica capacitors, along with the fact that they are constructed
to very close capacitance tolerances, make them ideally suited for use
in frequency-determining circuits. US Joint Army-Navy Specification
JAN-C-5 provides a complete definition of the mica capacitor covered in
this report. (See Appendix Al.) There are three types of mica capaci-
tors: molded capacitors, wherein the capacitor element is molded in
the case material; molded-case potted capacitors, wherein the capacitor
element is supported within a case of molded material and embedded in
some potting compound; and ceramic-case potted capacitors, in which the
case is an inclosure of ceramic material. In the USSR the mica capacitor

. includes Soviet types KSO molded units and SAM stacked-plate flat mica
units. (See Appendix A2.)

. . (3) Ceramic Capacitors.

Ceramic capacitors compete with mica capacitors in
certain general applications where the temperature coefficient is unim-
portant. One type of ceramic capacitor is used for temperature compensa-
tion of timed circuits as well as for many other applications. Another
type of ceramic capacitor offers the advantage of very high capacitance
in a small physical volume, but it has other properties that limit its
use to noncritical applications. One of the more common types of ceramic
capacitor is a hollow cylinder with the electrodes placed on the inner
and outer surfaces in the form of silver coating. Capacitance values of
the latter type are usually low, less than 2,000 micro-microfarads (mmfd),
and the dielectric constant and temperature coefficient of a ceramic body
can be varied widely to give capacitors with negative, positive, or zero
temperature coefficients of capacitance. US Joint Army-Navy Specification
JAN-C-20A provides a complete definition of this product category. (This
specification is not covered in Appendix Al.) The units covered by this
specification are of one grade, in several body designs, and of styles
commonly but not necessarily used as temperature-compensating devices. In
the USSR this product category includes Soviet standard-type KIK tubular
ceramic capacitors and type KDK disk ceramic capacitors. (See Appendix A2.)
Other Soviet varieties have been reported infrequently.
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b. 0il-Filled Paper Dielectric Power Capacitors.

When the load of distribution circuits of an electric power
system has a power factor below 85 percent during the higher load periods
of the day, it is desirable to make use of capacitors to supply the lagging 3
component of the current. Raising the power factor from 75 to 90 percent
reduces power-line current by 20 percent, thereby reducing distribution
and transmission losses and permitting a large saving in copper consump-
tion. To raise the power factor, 0.397 kilovolt-ampere (kva) of power-
factor correction capacitance is required per kva of load. In both the
US and the USSR this correction is now belng supplied by installations
of oil-filled paper dielectric capacitors, designed for AC operation at
voltages from 220 to 11,000 volts. In the US these units are available
in standard sizes of 5, 10, 15, and 25 kva. In the USSR, units are avail-
able in standard sizes of 3, 5, 8, and 10 kva. Prewar Soviet types
included the KK, KOM, and KOS series, and postwar units are the standard
KM type. (See Appendix A2.) In addition to normal power-factor correc-
tion use in power systems, a recent heavy consumer of the oil-filled paper
dielectric capacitor is the atomic energy program, where the AC power
capacitors are required for particle-accelerator installations. One
cyclotron or betatron may use up to 50,000 kva of such capacitors. Al-
though this class of capacitor is not, strictly speaking, a component
used in the electronics industry, it is closely related to some of the
larger electronic capacitors, may be produced in similar facilities, and
consumes similar production materials.

2. Fixed Electronic Resistors.

a. Composition Resistors.

Fixed electronic resistors, in general, are of two types:
composition resistors and deposited film resistors.* The great majority
of electronic resistors produced in the US and the UK are generally of a
type which has a resistive element composed of a combination of finely
divided carbon or graphite; a nonconducting filler, such as talc; and
synthetic resin used as a binder. These resistors are available in sizes
of £, 3, 1, and 2 watts, insulated and uninsulated, and are made in large
quantities on automatic equipment at very low cost. US Joint Army-Navy
Specification JAN-R-11 provides & complete definition of this product.
(See Appendix Al.) In the USSR this class of resistor is available as
type LS fixed composition radio resistor but is used far less widely than
in the US. (See Appendix A2.)

¥ General-purpose wire-wound resistors (Low-power and high-power types)
and precision wire-wound resistors are not covered in this report.

-6 -
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b. Deposited Film Resistors.

The second broad class of electronic resistors is that
comprising a conducting film deposited on the surface of a cylindrical
core of insulating material. This design, originated as a commercial
product in Germany, is widely used on the European Continent, including
the USSR. Until recently the use of this resistor in the US has been
limited to precision applications -- a small part of the total require-
ments. The deposited film resistor, technically interchangeable with
the fixed composition resistor, possesses the advantages over the fixed
composition resistor of better stability, greater resistance to moisture,
and greater ability to withstand temporary overload. It is intended
primarily for precision applications rather than for a general use. Proposed
US Joint Army-Navy Specification Project No. 166 defines this type
campletely. (See Appendix Al.) In the USSR the deposited film resistor
is available as the Kaminskiy and TO types. (See Appendix A2.) Existing
manufacturing facilities would permit a partial substitution of the fixed
composition resistor in place of the deposited film resistor., The lat-
ter, however, is generally considered as the industry standard in the
. Bloc and compares unfavorably with the composition resistor only in the

greater labor requirement. It is not likely that any significant substi-
tution will be made. .

B. Organization of the Industry.

1. USSR.

Fixed electronic capacitors and resistors are manufactured
in the USSR by enterprises of the Ministry of Communications Equipment
Industry.* The manufacture of fixed electronic capacitors and resistors
appears to be concentrated in departments of a limited number of elec-
tronic equipment plants, plus a few specialized components plants. Power
capacitors, and probably some of the larger high-voltage units for elec-
tronics, are manufactured in a single capacitor plant of the Ministry of
Electrical Industry.

Much of the capacitor and resistor manufacturing capacity in
the USSR is provided by installations of special machinery removed from
Germany in 1946 and 1948. These facilities, supplemented by additional
Soviet machinery and supported by the intensive postwar exploitation of
German technology, have formed the foundation for a large and competent
components manufacturing industry in the USSR.

¥ Tt is reported that the Deputy Minister responsible for capacitors in
this Minigtry is A.A. Shchurganin.
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The major portion of the fixed electronic capacitors and resis-
tors produced in the USSR is used in the manufacture of electronic appara-
tus at electronic equipment assembly plants of the Ministry of Communica-~
tions Equipment Industry, the Ministry of Shipbuilding Industry, the Mini-
stry of Armaments, the Ministry of Agricultural Machine-building, and
probably the Ministry of Aircraft Production.

2. East Germany. L/

The quentity production of fixed electronic capacitors and
fixed electronic resistors in East Germany is restricted to a few enter-
prises which are former factories or branch plants of German electrical
concerns previously supplying these items. In East Germany at the end of
World War II, many of the facilities for manufacturing these components,
inecluding most of the facilities for manufacturing deposited film resis-
tors and fixed paper capacitors, were dismantled and removed to the USSR
in 1946 or 1948. The present facilities have been rebuilt since that time.

The single East German factory manufacturing fixed electronic
resistors and the three factories manufacturing fixed paper capacitors are
all important firms of the Association of People-owned Enterprises, Radio
and Communications Industry (VVB-RFT), and are, therefore, East German
plants. The single supplier of mica and ceramic capscitors is a member
firm of the Soviet-owned SAG (Sowjetische Aktien Gesellschaft) Kabel.

The East German manufacturers of fixed electronic cepacitors
appear to be heavily dependent on the West for key production materials.
Although this dependence has resulted in production losses in the past,
these capacitor and resistor firms are adequately equipped and reasonably
efficient, and they are operating at levels adequate to meet requirements.

3. Hungary. 2/ .

In Hungary the only significant producer of fixed electronic
capacitors and fixed electronic resistors is the Remix Electrotechnical
Works Company Limited, Budapest., In 1947 the stock of this company was
owned jointly by the Hungarian Wolfram Company (Orion) and Agrolux Limi-
ted, both companies in turn being entirely owned by Egyeslilt Izzolampaés
Villamossagi R.-T. (United Incandescent Lamp Company), commonly known as
UILCO "Tungsram."” At that time the plant manager was N.J. Fodor.

After the socialization of industry in Hungary late in 1947,
-this plant was retained in the UIICO "Tungsram" nationalized complex.
One document states that this plant was nationalized as an independent
enterprise, but most evidence indicates that it is still operated in

-8 -
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conjunction with UILCO "Tungsram.”

4. Czechoslovakia. 6/

There are two plants in Czechoslovakia engaged in the manu-
facture of fixed electronic capacitors and resistors. The Lanskroun
Electrical Equipment Works in Lanskroun was formed by the combination
of the former German-owned Slemens-Halske AG plant and several smaller
Czechoslovaekian companies taken over by the Communist government after
the coup. The Hloubetin Electrical Equipment Plant, formerly the
Germen-owned Always plant, is located in Prague (Hloubetin). Both of
these plants are now under the Tesla combine, which embraces all of
the electronics industry in Czechoslovakis.

C. Technology.
1. Fixed Capacitors.

Technological discussion is limited to fixed paper dielectric
electronic and oil-filled paper dlelectric power capacitors because they
represent the bulk of the production effort and because there is more
reliable information available on production techniques and input require-
ments for these tvpes of capacitors than for the other components discussed
‘ in this report. 50X 1

50X1

a. Paper Dielectric Electronic Capacitors. Z/

(1) Aluminum Foil and Paper Dielectric Capacitors.

The principal manufacturing method employed in the

USSR for the production of fixed paper dielectric electronic capacitors
appears to be similar to current US practices. Thin aluminum foil and

.- kraft capacitor paper which have been cut to proper widths on rolls are
wound on & motor-driven arbor to form a cylindrical cepacitor section

of the required number of total turns. Alternate metal foils are separated
by two, three, or more paper thicknesses. To this capacitor section, held
together by several turns of lacquered adhesive paper, terminal connectors
are added by soldering them to the foil. A great many capacitor -sections
are dried by baking and are impregnated in a vacuum chamber. In the USSR,
paraffin wax impregnant probably is used for tubular paper-cased types of
capacitors, and mineral oil for metal-cased types. The drying and impreg-
nating cycle may run from several hours to more than s day. Most of the
Soviet production is reported to consist of hermetically sealed metal-
cased capacitors, which would be satisfactory over a temperature range of
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from minus 50°C to plus 60°C and would pass all US Joint Army-Navy
Specifications.

Materials used to manufacture the aluminum foil and
paper cepacitors in the USSR appear to be primarily aluminum foil,
7 microns (0.00028 inch) thick; kraft capacitor paper, 8 to 14 microns
(0.00030 to 0.00055 inch) thick; and impregnants consisting of either
mineral oil or paraffin wax. There are also some indications of require-
ments for 0.00025-inch-~thick pesper for special applications.

The Soviet use of mineral oil impregnation for metal-
cased types of capacitors 1s strongly indicated by the lack of evidence
that any significant use is made in Europe, including the USSR, of
anthraquinone stabilizer, which must be used to insure satisfactory life
in direct-current (DC) capacitors impregnated with the synthetic capacitor
liquids (chlorinated diphenyl) widely used in the US. The use of mineral
0il as an impregnant results in 8 requirement of 50 percent more paper and
aluminum foil per capacitor than would be required if synthetic capacitor
liquids were used. The mineral oil capacitor, however, should have good
life for normal DC applications without requiring the addition of special .
stabilizers. It should have the further advantage of a permissible
operating temperature range greater than would be obtained by using the
stabilized chlorinated diphenyl impregnants employed in the US. These
drop off in capacitance value in low temperatures, reaching as much as
minus 20 percent to minus 30 percent at minus 50°C. For this reason,
these impregnants are unsatisfactory for certaln military applications
where the value of capacitance is critical.

For the production of aluminum foil and paper dielec-
tric capacitors, basic factory machinery includes motor-driven hand-
winders for making capacitor sections, each winder producing on the order
of 1,000 capacitor sections per day; vacuum drying and impregnating systems,
with suitable pumps and controls; and electrical test equipment.

(2) Metallized Paper Capacitors.

It has been reported that the USSR has adopted a second
method for manufacturing DC electronic capacitors. In this method the
electrode is composed of a thin layer of zinc evaporated on the surface of
the paper dielectric. This method, developed before World War II by the
Robert Bosch Company, Stuttgart, Germasny, and licensed to Siemens-Halske AG,
Hydra AG, and AEG (Allgemeine Elekirische Gesellschaft), was used widely in
Germany during World War II. The process was adopted and improved in both
the US and the UK, where it is used now to a limited extent.

- 10 -
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The Bosch method of manufacture uses high-density
kraft paper in rolls, in thicknesses of 8 and 1L microns. The surface
of the paper must be prepared by coating with a cellulose lacquer.

The lacquered paper is spooled through a vacuum chamber at pressures
under 100 microns, and the zinc is evaporated on one surface in strips
of proper width and location. The metallized paper roll is slit and
then made into capacitor coil sections in an operation identical to
that used in making the aluminum foil and paper capacitors. The foil
edges of the capacitor section are rolled in and sprayed with a metal-
lic deposit to permit the soldering of terminal leads. A large group
of sections is then dried by vacuum baking and impregnated with molten
paraffin wax. The time for this cycle is from 18 to 24 hours. Before
casing and testing, it is necessary to age all capacitor sectiohs on a
DC supply at 10 percent above the nominal test voltage in order to clear
faults. These units are assembled either in paper or in metal cases,
with or without hermetic seals, in a fashion similar to that used in
assembling the aluminum foil and paper units. Metallized paper capaci-
tors of four voltage ratings are produced in the USSR: 160, 250, 400,
and 600 working volts direct current (WVDC). Test voltages of 250

. volts DC are used for the 160-WVDC units, and 2,000 volts DC for the
LOO-WVDC units. The 160-WVDC capacitor uses a single layer of high-
density paper 8 microns thick; the LOO.WVDC capacitor uses two layers
of the seme paper, one of which is metallized, the other plain.

The metallized paper capacitor has several advantages
over the aluminum foil and paper capaeitor: the size of the unit is
smaller for a given voltage rating, especially for lowsvoltage ratings;
the unit does not require aluminum foil; and the unit, because of the
special processing it receives, is generally self-healing when operated
at normal working voltage. The metallized paper capacitor also has
notable disadvantages: the high-density paper required is more difficult
to manufacture than the kraft paper used in the aluminum foil capacitor;
the lacquering and evaporation process cycles are costly; the unit cannot
use chlorinated diphenyl impregnants; and for medium- and higher-voltage
ratings, neither the size nor the life expectancy of metallized paper
capacitors is better than for standard paper construction using a stabi-
lized synthetic impregnant. Capacitance value ranges reported for the
USSR are from 0.1 to 30 microfarads, indicating a probable intent to use
this capacitor construction primarily for applications requiring larger
capacitance and lower voltages. Such applications might include low-
voltage filter capacitors to be used in place of electrolytic capacitors,
and special compact devices, such as proximity fuses. Key items of manu-
facturing equipment required for the metallized paper cspacitor include
lacquering facilities, metal evaporation equipment, vacuum systems, motor-

. driven hand-winders, vacuum drying and impregnating systems, and electrical
- 11 -
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test equipment.

b. 0il-Filled Paper Dielectric Power Capacitors. 8/

These high-current AC paper capacitors for power-factor
correction were first produced in the USSR about 1938. The production
of this type of capacitor developed out of the manufacture of similar
units for use in industrial induction heating. By World War II, Soviet
output of the power capacitor had reached sizable proportions at two
plants, one in Moscow and one in Kiev. There are indications that the
life and performance of these earlier units were not up to expectations.
Manufacture was discontinued during World War II and reestablished about
1948 on a new standard product line which was designed more conservatively.

Except for differences in construction details, postwar
Soviet power-factor capacitors are manufactured by methods similar to
those employed in the US. Capacitor units are metal-cased assemblies of
a multiple of capacitor coll sections internally connected in series and
parallel, filled with oil,and sealed. Two basic coil section designs are
employed in the USSR -- one for the low-voltage (220- to 500-volt)
product line; one for the high-voltage (3- to 10-kilovolt) product line.
As in the US, the capacitor coll sections in the USSR are produced in a
menner similar to that used in making the coil sections of paper elec-
tronie capacitors, with a motor-driven hand-controlled winder. Each
section is wound individually on a cylindrical arbor, and two layers of
aluminum foll and several interleaved layers of capacitor paper precut
to the proper width are fed in from spools. To the capacitor coll sec-
tions, which may be either cylindrical or be pressed flat and clamped,
connectors are added. The required number of sections is inserted into
a rectangular capacitor case and covered. Both standard Soviet product
lines use 18 coll sections per capacitor assembly, connected in various
series and parallel arrangements to meet the rated voltage requirements.
Then, while still under vacuum, the assembly is filled with impregnating
oil and sealed. The final assembly is tested at three times the rated
operating voltage. For use in large installations, the most frequent
application, groups of standard capscitor units are sssembled in cabinets
complete with controls and switchgear.

At present, most Soviet production of power-factor capaci-
tors appears to be concentrated on making high-voltage (3- to 10-kilovolt)
units, which can be produced at a lower cost, and with less material, than
low-voltage (220- to 500-volt) units. The two standard postwar lines of
power-factor capaclitors are described in Table 2.%

¥ Table Z follows on p. 13.
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Present Standard Soviet Power-Factor Capacitors

Rated Voltage ' Weight
(RMS AC Volts, Ratingb Capacitance (Kilo- Net Price
Type of Unit 50 Cps) & (Kvar) b/ (Microfarads) grams) (Rubles)

High-Voltage

Line
(Single- '
Phase Units)
KM 10-10-1 10,000 10 0.38 23 760
KM 6-10-1 6,000 10 1.00 23 760
KM 3-10-1 3,000 10 4.20 23 760
Low-Voltage
. Line
(Three-
Phase Units)
KM 0.5-8-3 500 8 110.00 23 1,150
’ KM 0.38-5-3 380 5 110.00 23 1,150
KM 0.22-3-3 220 3 220.00 23 1,150

a.. Root mean square AC volts at 50 cycles per second.
b. Kilovolt-amperes-reactive.

A line of large capacitor units has been proposed but pre-
sumably not produced, with 25-kva high-voltage ratings when impregnated with
mineral oil or with 40-kva ratings when impregnated with Sovol -- the Soviet
synthetic capacitor impregnant, chlorinated diphenyl (noninflammable, with
a dielectric constant of 5.1).

These postwar Soviet power-factor capacitors use aluminum
foil, type AO or Al, 99.6 or 99.5 percent pure, in 0.000k-inch thickness,
and sulphate-pulp kraft paper, per Soviet Specification GOST (State All~
Union Standard) 1908-42, in 0,0003-inch thickness for low-voltage units
and 0.0004L-inch thickness for high-voltage units (replacing the prewar
rag-stock paper). Since Soviet production appears to be concentrated in
high-voltage units, consumption is predominantly of paper of the 0.000k4 -
inch thickness and is estimated at 1.76 pounds per kva per capacitor.
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Mineral oil is used as the impregnant (inflammable, with a dielectric
constant of 2.2) in the Soviet power-factor capacitor. A few prewar
units were impregnated with Sovol. It appears that difficulty was
experienced with these capacitors, caused by contamination of the
impregnant and ending in resultant shortened field life. At present
it is probable that mineral o¢il is generally used, with considerable
effort devoted to developing a stabilized Sovel for general future use.

The essential differences between these Soviet power-
factor capacitors and present US units are two: (1) the Soviet coil
section is designed to operate at lower-voltage stress, about 300 volts
per mil instead of 40O volts per mil; (2) the Soviet units use mineral
oil Instead of synthetic 1mpregnant resulting in an effective dielec-
tric constant of 3.5 instead of 5.5. These differences result in the
Soviet use of 18 coil sections per capacitor instead of 12, in a kva
rating of 10 volts rather than 25 volts per capacitor, and in the consump-
tion of more than 2.5 times the weight of paper and aluminum foil per kva
of capacitor. 4

Table 3 illustrates the significant differences between
typlcal US and Soviet postwar capacitor designs.

Table 3
Comparison of Soviet and US High-Voltage Power-Factor Capacitors
1948 ‘
Number Capacitance
Frequen of Volts per Coil
Voltage (Cps) & Kvarb/ Coils per Coil (Microfarads)
USSR 3,000 50 10 18 1,000 2.1
Us 2,400 60 25 12 1,200 3.3
Thickness of Paper Aluminum
Paper Used Volts Required Foil Required Net Price
(Inches) per Mil  (Lbs per Kva) (ILbs.per Kva)  per Kva
USSR 7 x 0.0004k4 300 1.76 0.4k 76 Rubles
Us 6 x 0.0005 400 0.65 0.13 $6.00
a. Cycles per second.
b. Kilovolt-amperes-reactive,
- 14 -
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The major items of factory machinery required for the
manufacture of high-current power capacitors are motor-driven hand coil-
winders, vacuum drying and impregnating tanks snd controls, and heavy

- electrical test installations. In the USSR design the estimated average
output of the coil-winder is 200 coil sections per 8-hour day as compared
with an average US output for trained operators of 600 coil sections per
day per machine.

' In view of the great advantage in saving materials and
cost by the use of high-voltage power-factor capacitors rather than the
low-voltage units, most of the Soviet production appears to be concentra-
ted in the 3- to 10-kilovolt units. For power-factor capacltors the
Soviet consumption is predominately of kraft capacitor paper of a thick-
ness of 0.0004%4 inch (10 to 12 microns) and is estimated at 1.76 pounds
of paper per kva per capacitor.

The Soviet plant manufacturing power capacitors is also
the supplier of related high-current cepacitors, including power-factor
capacitors for induction heating systems; high-voltage AC capacitors for

. carrier current applications to power lines; medium- and high-voltage DC
filter capacitors; and high-voltage pulse capacitors, including units
from 0.002 to O. 03 microfarad and 40- to 300-kilovolt ratings.

2. Fixed Electronic Resistors.

a. Composition Resistors. 9/

Although the composition resistor is the most commonly
used component in the US electronics industry, this product is not of
primary importance in the Soviet Bloec. In 1938 and 1943 the US supplied
the USSR with a complete complement of manufacturing equipment and pro-
vided the technical assistance required for the quantity production of
composition resistors in sizes of s %, 1, and 2 watts. It is belleved
that the present technology on this item does not differ greatly from the
technology now used in the US,

b. Deposited Film Resistors. 10/

It appears that most fixed electronic resistors produced
in the USSR, East Germany, and prcbebly the other Satellites are basically
related to the deposited film unit developed by Siemens-Halske AG in the
mid-1920's. In the USSR, standard types of this construction are reported
to be available in the 0.5-watt size, with 5-, 10-, and 20-percent tolerances.

- 15 -
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The manufacturing process for the electronic resistor

of this type follows. Special hard-porcelain cylindrical core rods,
which are controlled for temperature coefficient of expansion, impact
strength, surface smoothness, and chemical properties, are inserted
into a vacuum cracking chamber at 9500C, and a hydrocarbon vapor is
introduced. With proper control over temperature, pressure, and time,
a hard-carbon conducting film is deposited on the ceramic rod, and
this film provides the resistive element of the unit. After removal
from the chamber the resistor units are coated at the ends with graphite
or silver, and metal terminal caps are placed over these coated ends.
Capped resistors are loaded, one at a time, Into a small bench lathe,
and a spiral groove is cut through the conducting film by a high-speed

" grinding wheel. The total turns and length of the resulting conducting
spiral are set by a mechanical stop to provide the predetermined resistor
values, within the 5- or 10-percent tolerances. When the unit is to be
used as a precision resistor, the length of spiral must be determined
by using & Wheatstone Bridge test set connected to the resistor during
the grooving operation. Flexible leads are soldered to the terminal
caps of the grooved resistor units. The camplete assembly is twice costed
with a protective insulating lacquer.

Certain principal features of the fixed electronic deposited
film resistor should be noted. Because of the special porcelain cores, the
control problem in depositing the film, and the manual labor of grooving,
these resistors are relatively expensive. This type of resistor is well
suited to the needs of an industry requiring medium quantities of a wide
variety of resistance ranges, since the flexibility of the process permits
the production of resistors to required values. The finished resistor,
furthermore, has good stability and is superior to the composition resistor
for effects of short-time overload, high humidity, and variations during
life.

This product, which is not a precision resistor, is used
for general-purpose applications in the Soviet Bloc. Resistors with 10-
percent tolerances are quite acceptable for the majority of electronics
applications. The deposited film resistor should be definitely superior
to the composition resistor in use in US military electronics.

The two major items of factory machinery required for the
manufacture of deposited film resistors are as follows: a vacuum cracking
system, with controls, for film depositing and hand-controlled, motor-
driven bench lathes for grinding the spirals. On the assumption of general
conformity with East German procedure throughout the Soviet Bloc, the ac-
cepted rate per lathe is estimated at 350 to 500 resistors per hour,

- 16 -
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II. Supply.

A. Production.

1. USSR.

a. General.

There are good indications that the expansion of Soviet
capacity for the production of fixed electronic capacitors and resistors,
which was initiated in 1946-U47, has been carried out quite successfully.

It appears that the output of these products increased significantly

during 1948 and 1949 and that the domestic Soviet supply of these elec-
tronlc components is generally now quite adequate to meet planned require-
ments. By the end of 1950, good manufacturing facilities -- on a par with
those of Western Europe -- had been established for metallized paper capaci-
tors, for paper and aluminum foil capacitors of both the tubular wax and
hermetically sealed styles, and for deposited film resistors. Composition
resistors are also manufactured in the USSR, but in much smaller quantities.

Production of high-current power capacitors, especially AC
designs of paper and aluminum foil units for power-factor correction, was
reestablished about 1948. Although the output of these units has been
increased, there are indications that supply did not meet planned require-
ments in 1951.

b. Facilities. 11/

Fixed paper capacitors and fixed resistors are produced
either in departments of plants producing a general line of components
or in a few specialized plants which have been constructed for the sole
purpose of producing capacitors and resistors. Although the facilities
making capacitors and resistors are not so concentrated as the plants
producing electron tubes in the USSR or as the electronic components
industries in the Satellites, there 1s no indication that they are widely
distributed over a large number of apparatus plants.

High-current power-factor capacitors are produced in only
one factory, probably Plant|  |in Kiev. 50X1

Fixed electronic paper capacitors are produced in the
following plants: the ILenin Pla.ntﬁ the Frunze Plant| | 50X11
the Ienin Institute OKB (Experimental Design Bureau), and the Frunze NII
(Scientific Research Institute), comprising the Myza complex located at
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Myza near CGor'kiy; the condenser plant of NIT E departments of : 50X1
the Kazitskiy Redio Plant i departments of the Komintern Radio 50X1
Plant| | probably departments of the Radio Plant| | and 50X1
departments of associlated Leningrad plants; the Serpukhov Condenser ’
Plant, Serpukhov, Moscow Oblast; and in Radio Plant{:::::::] 50X1
Novosibirsk.
Fixed electronic mica and ceramic capacitors are produced ‘

at the Myza complex near Gor'kiy; at the NII and assoclated 50X1
Ieningrad plants; and at the Radio Plant Novosibirsk. 50X1

Fixed composition resistors are believed to be manufactured
at the Radio Parts Plant in Novosibirsks and fixed deposited film resistors
at the Myza complex and at NII|  |and associated Leningrad plants. 50X1

Iess certain information indicates probable additional
manufacturing sources of some of these components at the Krasnaya Zarya
Telecommnications Plant, Leningrad; at the Elektrosignal Radio Plant,
Voronezh; at the Moscow Radio Plant imeni Krassin; and at another un-
identified capacitor plant in the general Moscow area. .

¢c. Total Production.

Intelligence background on Soviet electronic components
facilities is largely qualitative, with occasional reference to output
or to installed machinery. The most important source of information
which provides a means of estimating output is the Soviet consumption of
capacitor paper, largely imported.

A necessarily approximate estimate of Soviet production
of fixed capacitors and resistors in 1949-51, based primarily upon
consumption of paper, as supported by spot date on plants, is provided
in Table L4.* (Production of electronic components in the USSR is given
by plant in Appendix Bl.)

An estimate of Soviet capacity in 1952-53 to produce
fixed capacitors and resistors, projected from the production estimates
given in Table Y4, follows in Table 5.%*

¥ Table & follows on p. 19.
¥¥ MTable 5 follows on p. 20.
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Table L
Estimated Soviet Production of Fixed Capacitors and Resistors
1949-51
Power-Factor
Electronic Capacitors Electronic Resistors Capacitors O
Volume (Million Units) Volume (Million Units) Total
Value Value Volume Value Value
. Ceramic ($ Mil- Deposited Compo- ($ Mil- (Thousand ($ Mil- ($ Mil-
Year Paper and Mica Total 1lion) 2 Film  sition Total 1lion) a/ Kva) lion) .§/ lion) a/
19L49 30 20 50 Tolt ko 15 55 3.2 30 0.3 10,9
1950 80 50 130 19.5 90 20 110 7.1 100 0.6 27.2
1951 100 65 165 2h.5 110 20 130 8.6 300 1.8 3k.9

a, Dollar values are based on average current US f,o.b, prices for equivalent product categories: unit
prices of $0.20 for fixed paper capacitors, 50 percent of which are hermetically sealed; $0.015 for general-
purpose composition resistors; an estimated $0,075 for general-purpose film resistors; and an average of $6
per kva for high-voltage power-factor capacitors,

O
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Table 5
Estimated Soviet Capacity for the Production of Fixed Capacitors and Resistors
1952-53
Power-Factor
Electronic Capacitors Electronic Resistors Capacitors
Volume (Million Units) Volume (Million Units) Total
. Value Value Volume Value Value
) Ceramic ($ Mil- Deposited Compo- ($ Mii- , (Thousand ($ Mil- ($ Mil- /
Paper and Mica Total 1lion) a/ Film sition Total 1lion) _./ Kva) lion) i/ 1lion) &
250 100 350 57.0 250 25 275 19,2 500 3.0 79.2

a. Dollar values are based on average current US f.o.,b. prices for equivalent product categories: unit
prices of $0,20 for fixed paper capacitors, 50 percent of which are hermetically sealed; '$0,015 for
general-purpose composition resistors; an estimated $0,075 for general-purpose film resistors; and an
average of $6 per kva for high-voltage power-factor capacitors,
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2. East Germany, 12/

Until early 1951 the output of fixed electronic capacitors
and resistors in East Germany was seriously hampered by lack of plant
equipment and by recurring shortapges in the supply of specialized produc-
tion materials. More recently, the materials problem appears to have
been eased, in part through increased imports. Although 1951 plans have
been reported for the initiation of East German production of capacitor
paper and aluminum foil, no significant results were obtained in 1951.

Certain classes of electronic components, 'such as precision
resistors and high-voltage paper filter capacitors, remained in short
supply through 1951 and had to be imported. In the aggregate the output
of the camponents industry increased in 1951, and 1952 plans are reported
to be for a considerably higher output.

The manufacture of fixed electronic capacitors and resistors
is even more highly concentrated in a few specialized plants in East
Germany than is typical in the US. Little or no effort has been noted
. toward output in these product lines in departments of end-item manu-
facturers or of other large complexes.

Fixed resistors, in product quantities, are manufactured solely
in a single plant near Berlin, the RFT Dralowid-Werk VEB Teltow, Teltow.
Fixed paper capacitors are produced in one main plant, the RFT Kondensatoren-
werk VEB Gera, Gera, Thuringla, and two smaller plants, the RFT Kondensatoren-
werk VEB Fréiberg, Freiberg, Saxony, and the RFT Kondensatorenwerk VEB
Soemmerda, Soemmerda, Thuringia.

Fixed ceramic and mica caﬁacitors are produced solely by the
Keramisches Werk Hescho-Kahla plant in Hermsdorf, with subsidiaries in
Gera, Kahla, and Koeppelsdorf, near Sonneberg, all located in Thuringia.

The annual production of fixed electronic capacitors and resis-
tors in East Germany in 1949-51 is estimated in Table 6.¥ (Production of
electronic components in East Germany is given by plant in Appendix B2.)

An estimate of East German capacity in 1952-53 to producé fixed
electronic capacitors and resistors, projected from the production esti-
mates given in Table 6, follows in Table 7.¥%¥ .

¥ Table 6 follows on p. 22.
*¥% Table 7 follows on p. 23.
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Table 6
Estimated East German Production of Fixed Electronic Capacitors and Resistors
1949-51 <
Electronic Capacitors Electronic Resistors
Volume (Thousand Units) Value Volume Value Total Value (ﬁ)
(Thou (Thou= (Thou=
: sand (Thouw sand ( sand
Ceramic Electre- - ($ Thou- East sand ($ Thou- East $ Thou- East
Year Paper and Mica _1lytic  Total _sand) 3/ M) 2/ Units) sand);é[ M) B sand) & M) b/
1949 3,950 7,000 410 11,360 883 17,190 15,000 1,125 6,000 2,008 23,190
1950 6,750 8,600 556 15,906 1,252 20,000 1,500 2,752
1951 10,150  1k,l00 720 25,270 1,871 30,000 2,250 L,120

a, Dollar values are based on average current US f.0.b. prices for equivalent product categories: unit prices of
$0.09 and 30,10 for fixed paper capacitors; $0.05 for ceramic capacitors; $0,30 for electrolytic capacitors; and an
estimated $0,075 for general-purpose film resistors,

b. East Deutsche Mark values are based on East German official data giving averaged product values for statistical

purposes,
C
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Table 7
Estimated East German Capacity for Producing Fixed Electronic Capacitors and Resistors
1952-53
Electronic Capacitors Electronic Resistors O
Volume (Thousand Units) Value Volume Value Total Value
Ceramic . 8/ (Thousand /
Paper and Mica Electrolytic Total ($ Thousand) 2 Units) ($ Thousand) & ($ Thousand) £
18,000 20,000 1,000 39,000 3,060 50,000 3,750 6,810

a, Dollar values are based on average current US f,0.b. prices for equivalent product categories: unit
prices of $0,09 and $0,10 for fixed paper capacitors; $0.05 for ceramic capacitors; $0.30 for electrolytic
capacitors; and an estimated $0,075 for general-purpose film resistors.

©
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3. Hungary. 13/

The Remix Electrotechnical Works Company, Limited, is the
only known supplier of electronic components in Hungary. The only
data on production at this plant are as of 1947, at which time total
capacitor production was 3 million per year, while total resistor
production per year was 4.2 million. This information and estimates
of Hungarian production of electron tubes in 1947 and 1950-51, form-
ing the basis of an estimate of annual Hungarian production of fixed
electronic capacitors and resistors in 1947-51, are presented in Table 8.%
(Production of electronic components in Hungary is given by plant in
Appendix B3.) '

An estimate of Hungarlan capacities in 1952-53 to produce
fixed electronic capacitors and resistors, projected from the produc-
tion estimates given in Table 8, follows in Table 9.%¥%

4, Czechoslovakia. l&/

Electronic components production in Czechoslovakia is centered .
in the Lanskroun Electrical Equipment Works and the Hloubetin Electrical
Equipment Plant., Although some information as to output at the Lanskroun
plant is available, there is none available on the Hloubetin Plant., For
purposes of this report, the Hloubetin production is represented by the
addition of a conservative figure to the Lanskroun production figure, Thus
the estimates of the total production for Czechoslovakia are probably on
the conservative side. Taken in conjunction with the capacitor-tube ratio
and the resistor-tube ratio discussed below, however, these estimates do
not appear to be excessively conservative. - An estimate of Czechoslovak
production of fixed electronic capacitors and resistors in 1948-51, developed
from the available information, is presented in Table 10.¥¥¥ GSince there
is no evidence of plans for expansion after 1951, the production figures
for 1951 may be taken to indicate production for 1952-53. (Production of
electronic components in Czechoslovakia is given by plant in Appendix Bk, )

5. Other Satellites. 15/

a. Poland.

Mention is made of possible capacitor production at the
former Philips-Wola plant in Poland, but the extent of this production is
not knowm. '

¥ Tgble 8 follows on p. 25.
¥%* Table 9 follows on p. 26.
*¥*t Table 10 follows on p. 27.
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Table 8
Estimated Hungarian Production of Fixed Electronic Capacitors and Resistors
1947-51
Electronic Capacitors Electronic Resistors
Volume Volume Total
(Million Value a/ (Million Value Value a/
Year Units) ($ Million) Units) ($ Mi11ion) ($ Million)
w947 3.0 0.24 Lo2 0.32 0.56
1948 b/ 3.9 0.31 5.5 o.h1 0,72
1949 B/ L.9 10,39 6.9 0.53 0,92
1950 ¢/ 5.8 0,46 8.2 0,62 ‘ 1,08
1951 &/ 6.6 0.53 9.3 0,71 1.2l

a. Dollar values are based on average current US f,o.b, prices: unit prices of
$0.08 for capacitors and $0,075 for resistors, °

b, Figures for these years are interpolated between the figures for 1947 and
those for 1950 and 1951, : :

¢, Figures for 1950 and 1951 are based on the estimated ratios for 1947 between
electron tubes and fixed electronic capacitors and resistors produced in Hungary
applied to estimates of electron tubes produced in Hungary in 1950 and 1951,
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Table 9
Estimated Hungarian Capacity for Producing Fixed Electronic Capacitors and Resistors
1952-53
‘Electronic Capacitors Electronic Resistors O
Volume Volume Total
(Million Value _'a_/ (Million Value a/ Value a/
Units) ($ MillTon) Units) ($ MiliTon) ($ Mit1Ton)
8.3 0,66 11.7 0,88 T 1.54

a, Dollar values are based on average current US f,0.D, prices: unit prices of
$0,08 for capacitors and $0,075 for resistors,

O
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Table 10
Estimated Czechoslovak Production of Fixed Electronic Capacitoré and Resistors
1948-51
Electronic Capacitors Electronic Resistors
Volume Volume Total
(Million Value a/ (Million Value a/ Value a/
Year ~ Units) ($ MillTon) Units) ($ MillTon) ($ Mi11Ton)
1948 50.0 4,0 A 15 1,13 5.13
1949 b/ 55.8 - L6 20 1.5 5.96
1950 B/ 61.6 h.93 25 1.9 6.83
1951 67.5 S.h 30 2.3 7.7

a, Doller values are based on average current US f,o.b, prices: unit prices
of $0,08 for capacitors and $0,075 for resistors,

b, Figures for these years are interpolated between the figures for 1948 and
those for 1951 on a linear basis,
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b. Bulgaria.

The Elprom plant, located in Illiyantsi, 5 kilometers
from Sofia, employs 3,500 workers who manufacture electric motors, lamps, -
and radio parts. It is believed that this plant may manufacture radio
capacitors, but it is not possible to tell the extent of this production.

¢. Commmunist China.

It is believed that the production of components is
negligible